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"SETTING" AND DURABILITY
STUDIES ON PAVING GRADE ASPHALTS

By
John Skog#*

SYNOPSIS

Insofar as highway pavement construction is con-
cerned, it appears that four properties of asphaltic
materials will define the necessary engineering re~
quirements. These are: consistency, rate of curing or
"setting', durability and resistance to water action.

This report presents the results of tests which
appear to provide necessary measurements for evaluation
of mixing and service life durability and '"'setting"
characteristics during and immediately following
construction.

Two groups of asphalts were used in the test program.
The first is composed of forty 85-100 grade paving
asphalts from the 1954-55 Bureau of Public Roads test
series. The second is a group known as the AC series,
which are produced to conform to the 1963 tentative grade
requirements of the Asphalt Institute. This series was
also furnished by the Bureau of Public Roads.

Changes during mixing were studied using the AASHO

Thin Film Oven test and the California Rolling Thin Film

*Senior Materials and Research Engineer, California
Division of Highways, Sacramento, California.
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test. A satisfactory correlation was found for results
obtained by both methods. We conclude that either method
will provide a test for determining change in consistency
during mixing.

Intensive studies on the development of tests for
measuring consistency of paving grade asphalts in the
range of 40°F. to 325°F. has led to the development of
tentative specifications for specifying grade requirements
at 140°F. Further high temperature susceptibility is
controlled by a 275°F. viscosity requirement. The purpose
of these requirements is to provide uniformity in asphalt
viscosity dﬁring placement.and rolling operations and in
service resistance to rutting.

It is well known that paving grade asphalts change
in viscosity during mixing operations, also that asphalts
from different sources change at different rates under
the same conditions. Results are presented which show
that a series of asphalts having original viscosities at
140°F. within a narrow band had a very wide range in
viscosity after the Rolling Thin Film test. Most asphalt
technologists now consider that the viscosity of the
asphalt during placement and rolling operations is a very
important parameter for control of the "setting' problem.
Information is presented on proposed specification re-

quirements for purchasing asphalt on the basis of viscosity
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at 140°F. and 275°F. based on the residue from the Rolling
Thin Film test.
Tests simulating pavement service life were performed
on the two groups of asphalt samples. The forty 85-100
grade paving asphalts were subjected to infrared weathering
in an oven for 1000 hours, equivalent to at least five
years of service life, and in a modified thin film oven
test for durability requirements in our tentative speci-
fication., These tests were presented in detail during
the 1963 meeting of the Association of Asphalt Paving
Technologists. Measurements of changes in properties
during and at the conclusion of these tests were per-
» formed by determining the abrasion resistance, vis-
cosities at two different shear rates and ductility.
 Studies of property changes during weathering in the
infrared weathering machine indicate that the forty
85-100 grade asphalts from the 1954-55 Bureau of Public
Roads test series may be divided into five groups. Some
of the asphalts weather very rapidly from volatilization
and chemical change while others weather quite slowly as
measured by change in consistency, but the shear sus-
ceptibility changes very rapidly with a rapid drop in
ductile properties. The results indicate that the
asphalts weather in different ways and could present

different forms of pavement failure.
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Both groups of asphalts were tested for compliance
with the proposed 1965 California tentative specifications
for paving asphalts. Results will be presented together ’

with a further discussion of the proposed specification.
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INTRODUCT ION

Paving grade asphalt is one of the most versatile
materials available to the highway engineer. This ad-
hesive may be used under different construction and
weather conditions by controlling the original con-
sistency. This is possible by use of emulsification,
additions of solvents or heat.

Although paving asphalt is used in many different
forms of road construction, the essential engineering
properties that need to be determined by tests and
specification requirements appear to be:(l)

1. Cohsistency,
2 - 2. Rate of curing or "setting."
3. Durability. '
4. Resistance to water action.

For many years the Materials and Research Department
of the California Division of Highways has been associ-
ated with both field and laboratory studies on asphaltic
materials. These studies have been mainly concerned
with attempting to develop tests and specifications for
the four previously noted engineering properties. The
results of these studies were incorporated in a paper
presented at the 1963 meeting of the Association of

Asphalt Paving Technologists,(z)
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After publication of the 1963 paper, studies have
continued on the test methods and the specifications pre-
senﬁed in this péper have been modified. Two groups of
aspﬁélts were uéed in the test program; The first group

(3) (&)

has been described in detail by Welborn and Halstead.
This series was obtained by the Bureau in 1954-55 and is
composéd of asphalts of grades 60-70, 70-85, 85-100,
120-150, and 150-200 penetration. The bulk of the samples
weré 6f the 85-100 grade and 40 saﬁples from this group
were selected for this study by J. Y. Welborn of the
Bureau. This selection was based on prévious studies(3)(4),
and represented wide differences in crude source and
production methods.

The second set, known as the AC series, represent
asphalts derived from production sources throughout the
United States and were obtained in 1963 and 1964. The
ﬁaterials represent‘asphalts produéed to meet the new pro-
pésed Asphalt Institute grading limits based on viscosity
at 140°F., measured in absolute units (poises). Four
grades (AC5, 10, 20, and 40) are represented.

B The purﬁose of this paper is to present our studies
on Ehese asphalts. This report shéuld be considered as
a progress report of studies subsequent to the 1963

publication.
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CONSISTENCY AND THE ""SETTING'" OF ASPHALT CONCRETE

Intensive studies on the development of tests for
measuring consistency of paving grade asphalts in the
range of 40°F. to 325°F. has led to the development of
tentative specifications for specifying grade requirements
at 1400F°(5) Further, high temperature susceptibility
is controlled by a 275°F. viscosity requirement., The
purpose of these requirements is to provide better
uniformity in asphalt viscosity during placement and
rolling operations.

It is We11~known that paving grade asphalts change
in viscosity during mixing operations, and asphalts from
different sources change at different rates under the
same conditions. This is illustrated in Figure 1 which
shows the viscosities of residues from the Rolling Thin
Film test (2) for a series of asphalts produced to con-
form to the AC 20 grade. 1In this case, the original
viscosity at 140°F. was limited to a relatively narrow
band. However, after the Rolling Thin Film test, which
simulates the changes occurring in the mixer, the range
in wviscosity at 140°F. is 4500 to 12,000 poises, There
is little reasoen to doubt that the asphalts in this
group will provide different degrees of ''set' in the

same paving mixture.

ClihPDF - www .fastio.com


http://www.fastio.com/

ChhPD

John Skog . ' ' -8~

Most asphalt technologists now consider the vis-
cosity of the_ésphalt during piacément and rolling as
a very important parameter for control of the "setting"
problem. Therefore, it seems logical to conclude that
the highway engineer's first interest in consistency of
a paving gréde asphalt is the viscosity existing in the
paviﬁg mixture after mixing has been completed. On the
basis of this reasoning, the California Division of
Highways has modified the 1963 tentative specification.(6)
Allioriginal consistency requirements were abandoned and
grade requirements were established on the residue from
the Rolling Thin Film test. These requirements involve
a viscosity range at 140°F. and 2759F.

Previous and continuing studies involving the

'Cohesiograph(z) indicate that a viscosity range of

4000-6000 poises at 140°F. on the Rolling Thin Film

residue will provide an asphalt of satisfactory '"setting"
properties., This is based on field correlation involving
presently used 85-100 grade paving asphalt. It is very
interesting to note that independent studies by R. J. Schmidt
andHAssociateé(7) have confirmed the above-noted requirement.
Saﬁtucci and Schmidt state in their conclusions, ''The State
of California's recoﬁmended grading limits of 4.0 to 6.0

kilopoises at 140°F. on an RTF residue correspond to our
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recommended pavement toughness limits of 30-50 seconds
at 100°F. Field experience indicates that mixes having
these toughness limits compact and handle well."

Either the Rolling Thin Film test or the AASHO Thin
Film test, developed by the Bureau of Public Roads, may
be used for simulating the mixing operation. As will
be shown later in this report, these tests correlate

very well.

DURABILITY STUDIES

The most important property of any adhesive is its
ability to act as an effective cementing agent during
its service life. 1In our opinion, the most pressing
need in asphalt specifications is the development of
suitable control tests and requirements to properly
insure satisfactory durability. Our previous study on
this property of paving grade asphalts has been pre-
sented in detail in reference (2). The results pre-
sented, hereafter, have been obtained since publication
of the 1963 report.

The present standard test for simulating the field
mixing operation is the AASHO Thin Film Oven test de-
veloped by the Bureau of Public Roads. Hveem et al(S),

in a report on the Zaca-Wigmore project, showed an

excellent correlation between the AASHO Thin Film Oven
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test results and hardening during mixing. Other field
studies by the Bureau also provide a good correlation.
The California Rolling Thin Film test described in
reference (2) was calibrated with field mixing by de-
termining the time required to reduce an asphalt to the
same penetration as that found after field pug mill
mixing. The final time, 75 minutes, was also checked
against a previously field calibrated asphalt Ottawa
sand mixer. On the basis of these efforts, one would
assume that a satisfactory correlation should exist be-
tween the AASHO Thin Film Oven test and the California
Rolling Thin Film test. Although results presented in
reference (2) did show a trend, the correlation was not
as satisfactory as expected on the basis of the field
calibration studies.

In order to obtain more information on the degree
of correlation between the two tests, results from the
1954 Bureau and AC series were compared. The results are
shown in Tables A and B and Figures 2, 3, 4 and 5.
Figure 2 presents a comparison of the residue penetration
for the 1954 Bureau series which was composed of asphalts
of'the 85-100 grade. The correlation is quite good con-
sidering the fact that results for the AASHO Thin Film

Oven test were determined by the Bureau laboratory in
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Washington, D.C., while the California Rolling Thin Film
test results were obtained in the Sacramento laboratory
of the California Materials and Research Department.
Figures 3, 4 and 5 present comparisons of penetration,
and kinematic viscosities at 1400F. and 275°F. for the
AC series. The results indicate a good correlation be-
tween the two tests in terms of penetration. However,
the California Rolling Thin Film test shows a slightly
greater hardening when kinematic viscosities at 140°F.
and 275°F. are compared.

We conclude from the results of studies on both the
1954 Bureau and AC series of asphalts that a satisfactory
correlation exists between the AASHO Thin Film Oven test
and the California Rolling Thin Film test. Both of the
tests provide a method of pontrol for changes occurring
in the binder during theﬂmixing process. The California
Rolling Thin Film test appears to provide an advantage
for control testing because of the reduced time period
of only one hour and fifteen minutes as compared to the
five hour period required in the AASHO test.

The 1954 Bureau series of 85-100 grade asphalts
were subjected to a 1000 hour weathering period using

(9)

the method previously described by Skog. In this

method, a two per cent asphalt - Ottawa sand mix is
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prepared in a laboratory mixer, and is then weathered in
" the infrared weathering unit. This unit has been corre-
lated with field service time and 1000 hours in the machine
has been found equivalent to approximately five years of
service life under pavement conditions estimated to produce
a fairly rapid weathering rate.(z) Changes in original
properties of the binder as the result of weathering were
determined by the Shot Abrasion test(g) and measurements
of viscosity, shear susceptibility and micro—ductility.(z)
Test results after mixing and 1000 hours of weathering are
shown in Table C. A study of the results indicate that
the asphalts may be divided into five general groups as
shown in Tables D and E. The property changes during
mixing and weathering are illustrated for each group in
Figures 6, 7, 8, 9 and 10,
Asphalts in Group I are those having a low flash
point and a high thin film loss. It is probable that
the very rapid weathering rate is caused by loss of
volatiles. Asphalts in Groups II, III, IV and V show
high or very high flash results with low loss values,
but their weathering properties are different. 1In the
case of Group II, the rapid weathering rate appears to
be caused by chemical change_with loss of volatiles

contributing little to the change. Asphalts in Group III
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have a'moderate hardening rate, and moderate rate of
change in shear index. We note that the micro-ductility
drop 1s fairly rapid from high initial values. Group v
asphalts have low weathering rates as measured by abrasion
loss and viscosity, but the shear index shows a moderate
to very high rate of change during mixing and weathering
in the infrared machine., These asphalts also have a
relatively high original shear index. There is a rapid
drop from initial low micro-ductilities to very low re-
sults after Weathefing° The Group V asphalts have a low
to moderate hardening rate. The initial shear index is
low and the rate of change during mixing and weathering
remains very low. These asphalts have a high initial
micro-ductility with a slow rate of change during
weathering. |

There are reasons to believe that the different
groups of asphalts will show differences in service
performance. The rapid hardening rate coupled in some
cases with critical increases in shear index of Groups I
and II asphalts could lead to different forms of cracking,
especially where deflection results are-abdve criticalr'
values. The Group IV asphalts could possibly present
broblems with raveling and cracking of the type described

(10) (11)

- by P. C. Doyle. The change in shear index during
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Weathering of the Group IV asphalts is compared in
Figure 11 with the three Doyle asphalts whose service

performance was reported in reference (10). The results

"of all of the asphalts are above the satisfactory curve

for the Doyle asphalt ''C". However, most of them fit
between the failed asphalt "B'" and the satisfactory
material "C". . The asphalts in Group V have very
different properties from those of Group IV. They
remain virtually Newtonian through an extended weathering
period. ‘This type of asphalt is quite low in asphaltenes
and in the micro-ductility test shdws a gain in ductility
through the mixing procgss_and sometimes into the

weathering phase. Certain recovered asphalts from the

'Zaca-Wigmore test road also show this trend during

service life., As noted in Figure 10 the initial gain
is fbllowed by a reduction, but not to the degree found
in asphalts of the other groups.

We are of the opinion that a satisfactory asphalt
should have balanced engineering-properties. In this
case, the Group III asphalts appear to be closest to this

concept in terms of durablllty° However, based on our

previous studies, we did not expect the micro=- ductlllty
to fall to such low values after 1000 hours of weathering.

The determination of the service performance of these

wavw.fastio.com
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asphalts, together with the Group Iv materials, would
be very valuable in future specification developments,
and in research on the internal phase relationships of
asphaltic constituents and the importance of this

relation on the serviceability of the asphalt.

DISCUSSION OF PROPOSED CALIFORNIA SPECIFICATION

A tentative specification for paving grade asphalt
‘was presented to the industry in 1963,(2) The purpose
of this specification was to attain satisfactory '"'setting"
and durability properties, and to attain a balance be-
tween these properties. Because of lack of a suitable

. test, no requirements were written for resistance to
water action.

Subsequent studies have led to a modification of
the broposed specification as shown in Table F.(lz) At
the present time, only one grade is specified.

The most important modification is the elimination
of all requirements for consistency of the original ma-
terial. The grade of the material is determined by a
viscosity measurement at 140°F. on the residue from a
test which simulates the mixing process (RTFOT). This
measurement, when coupled with a 275°F. requirement,

assures uniformity of the binder viscosity, and elevated
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temperature susceptibility during placement and rolling
operations.

We wish to stress that this modification would not

..be acceptable without a_test for pavement durability.

The use of this modification permits the manufacturer to
use any consistency for his original product, and there
is no control over the changes occurring during mixing
since only a residue consistency range 1is specified.
However, any rapidly changing asphalt that continued to
change after the test simulating pug mill mixing would
be rejected in the durability test.

The durability test requirements are proposed in
order to attain control over property changes during
service life. This test is described in detail in
reference (2). On the basis of a correlation with the
infrared weathering machine, we may state that tests
on the residue from this method are equivalent to those
attained after at least five years of service life.

| Hardening of the binder during service life is
controlled by the viscosity requirement at 0.05 sect
shear rate. It will be noted that the viscosity test
is performed at 77°F. In our opinion this provides a
measure of control over the temperature susceptibility

in the 40-140°F. range. Materials of satisfactory

Wiy faslio.com
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teﬁperature susceptibility‘above 140°F., but with a high
susceptibility at low températures would have a high
viscosity at 77°F. after the Rolling Thin Film test.
Such a material would have to be very durable to comply
with the durability test requirements at the 0.05 secm1
shear rate. '

On the basis of the failures reported by Doyle(lo)

and Hveem, et al(z) it appears necessary to control the
gain in shear susceptibility during service life. This
is proposed in the tentative specification by a dura~
bility residue maximum viscosity at 0.001 sec™! shear
rate, It could also be controlled by specifying a
maximum shear index value. |

The third measurement on the residue from the dura-
bility test is the ductility determination. One of the
most debated methods for cdntrolling asphalt quality is
the importance and significance of the ductility test.
However, results reported in the literature(l3)(l4)(15)
(16) (17) (18) from various field and laboratory investi-
gations clearly indicate that a decrease in ductile
properties during weathering, as measured by the standard
test, is related to failure of the pavement.

The weathering results previously reported in this

paper indicate that the change in ductility during

ClihPDF - www .fastio.com
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weathering appears torbe caused by hardening or a change
in shear index or a combination of the two. This is
shown in Figure 12. We note that there is a good re-
lation between shear index and micro-ductility on
durability test residues, except in cases where the
viscosity of the residue is very high. The finding of
a good relation between durability residue shear index
and micro-ductility for moderate weathering rate asphalts
confirms the studies recently reported by Welborn(lg)

et al. It seems apparent that the development of a high
shear index during weathering may have been the cause of
fai}ures previously reported in the literature as being
concerned with a decrease in ductility values. These
findings are directly related to Halstead's study(ls) in
which he states: '"Therefore, it is most likely that the
ability of the asphalt to undergo elongation is not the
primary characteristic affecting durability, but rather
the ductility test result is an indication of an internal
phase relationship of the asphaltic constituents which
in turn have an important bearing on the serviceability
factors of the asphalt." This statement is supported by
the relation between shear index and micro-ductility as
repogted in this paper. Further evidence is provided by

the trend found between the shear index after weathering
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and the stain number of the ofiginal asphalt as shown

in Figure 13. Both of these factors are related to the

internal phase relationship of the asphaltic constituents.
It is apparent that the control of gain in shear

susceptibility during weathering is a necessary specifi-

cation requirement. This control may be achieved, as

(19), by either specifying

previously noted, by Welborn
a ductility or a shear index requirement. In our
opinion, the determination of the service performance

of asphalts weathering like the Group III and IV ma-
terials previously mentioned in this report, would
provide very valuable results for future specification
developments since they represent a range in shear sus-
ceptibility during weathering. The proper balance in
engineering properties of a paving grade asphalt requires
information on the maximum shear index that may be toler-

ated prior to possible cracking of the pavement.

In order to obtain further information on the speci-

~ fication requirements, tests were performed on the 1954

www . fastio.com

Bureau 85-100 agphalts and the AC series. The results
are compared with the specification requirements in
Tables G and H. The results indicate that the asphalts
vary quite markedly in properties as defined by the pro-

posed specifications. In Table I are shown the test
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results for eight asphalts from both test series which
comply with the specifications except for the micro-
ductility requirement. The ninth asphalt, an AC20,
Bureau #3014 complies with all requirements. All eight
asphalts have sétisfactory durability, but develop a
sufficiently high shear index during the durability
test to.cause_failure to comply with the micro-
duétility requirement. As shown in Figure 12, the
development of a shear index above (.23 during the
course of the durability test will result in a micro-
ductility reading below 10. It appears that only small
chemical changes in some asphalts may induce a rapid
change in internal phase relationships leading to an in-
crease in shear susceptibility. It is apparent that a
very important problem in the attainment of balanced
engineering properties in a paving grade asphalt is

the determination of the maximum shear susceptibility

that may be tolerated prior to pavement cracking.

SUMMARY
1. A satisfactory correlation exists between the
AASHO Thin Film Oven test (TFOT) and the Califormnia
Rolling Thin Film OVethest (RTFOT). Both of the
tests provide methods of control for changes in the

binder during the mixing process.
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2. Specification reqﬁirements to provide proﬁer
"setting'' are presented. These requirements are based
on controlling grade and the "setting" property by
specifying viscosity ranges in absolute units at 140°F,
and 275°F. on the residue from the California Thin Film
test; These requirements will insure an asphalt of
more uniform consistency in the paving mixture than
is now attained by present or other proposed
specifications.

3. The laboratory weathering of forty 85-100 grade
paving asphalts representing various crude sources and
methods of manufacture indicates that these materials N
may be divided into five groups based on changes in
properties. Some of the asphalts harden rapidly by
either volatile loss or chemical change. Others change
in their internal phase relationship as measured by
rapid increase in shear susceptibility and loss of
ductile properties. Although all of these asphalts

meet current gpecifications, their weathering charac-

‘teristics are quite different, and in some cases,

could possibly lead to different types of pavement
failure.
4, Results of tentative specification tests on

the 1954 Bureau and AC series indicate that these asphalts
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have rather varied engineering properties. One asphalt,
from the AC20 group, complied with the new California
requirements while eight'asphalts complied except for
the micro~ductility. This study indicates that a most
important problem in asphalt specification requirements
is the determination of the maximum amount of shear
susceptibility that may develop in a paving grade

asphalt prior to pavement failure.

The opinions, findings, and conclusions expressed
in this publication are those of the author and not

necessarily those of the Bureau of Public Roads.
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TABLE A

Comparison of Residue Test Results From
California Rolling Thin Film and AASHCO Thin Film Oven Tests
Bureau Series, 85-100 Grade

>acto. ~ Bureau AASHO Thin Film Oven Rolling Thin Film
Res. No. Test Residue™ _Test Residue
No. Loss Pen.77°F | Duct.77°F Pen,77°F | Duct,/7°F
3680 2 2.04 38 250+ 41 100+
3681 3 0.55 52 138 48 .. 100+
3682 4 0.75 48 200 51 100+
3683 6 +0.10 61 250+ 57 100+
3684 10 0.02 61 250+ 61 100+
3685 13 0.18 55 175 55 100+
3686 17 +0.04 61 205 56 100+
3687 18 0.08 57 29 56 100+
3688 19 0.03 58 148 56 100+
3689 30 0.45 53 70 54 100+
3690 33 0.12 59 117 53 100+
3691 35 0.59 50 71 50 94
3692 38 0.00 56 120 53 100+
3693 40 0.11 50 250+ 49 100+
3694 45 0.17 60 200 55 100+
3695 50 0.09 51 166 55 100+
3696 56 +0.03 53 13 52 16
3697 66 0.00 58 80 ' 55 100+
3698 69 +0,02 53 178 49 1 100+
3699 71 +0.08 61 190 59 100+
: 3700 72 0.28 58 35 54 32
3701 74 +0.03 64 181 60 100+
3702 76 0.70 57 20 59 18
3703 81 +0.08 63 80 57 79
3704 84 0.31 69 232 74 100+
3705 87 +0.05 55 162 56 100+
3706 89 +0.09 64 160 63 100+
3707 91 0.05 56 190 57 100+
3708 92 0.42 50 242 53 100+
3709 93 0.02 58 250+ 64 100+
3710 96 0.09 56 250+ 56 100+
3711 100 1.03 43 125 53~ 100+
3712 : 101 0.08 57 170 58 100+
3713 103 1.63 39 61 45 84
3714 105 0.30 &7 235 51 100+
3715 108 +0.07 54 219 51 100+
3716 109 +0.10 50 63 50 59
3717 111 +0.12 51 214 48 100+
3718 115 0.07 57 1 71 55 94
- 3719 119 2.18 35 250+ 43 100+

*From - 'Properties of Highway Asphalts - Part I, 85-100 Penetration
Gra§§;° f95§ Welborn and W. J. Halstead, Public Roads, Vol. 30,
P
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TABLE D

Physical Properties of Bureau 85-100
Test Seriles

Physical Properties

__Asphalt
Sacto. Bureau Crude
No. " _No. Source
Group 1
Low Flash, High Thin Film Loss, 3680 2 Venezuela
Rapid Hardening Rate, Moderate 3711 100 California
to High Rate of Change in Shear 3713 103 California
Index. Rapid.Drop in Micro- 3719 119 Colorado
ductility to Very lLow Values.
Group II
Normal Flash, Low Thin Film 3682 4 Venezuela
loss, Rapid Hardening Rate, 3685 13 Venezuela
Variable Rate of Change in 3708 92 California
Shear Index, Quite Rapid Drop 3710 96 California
in Micro-ductility to Values 3681 3 Mexico
Below 3mm at End of Weathering
Period.
Group III
Moderate Hardening Rate and 3683 6 Columbia
Moderate Rate of Change in 3684 10 Coastal
Shear Index. Micro-ductility 3686 17 -
Drop is Fairly Rapid, from 3688 19 Veniezuela
High Imitial Values. 3692 38 Midcontinent
' 3693 40 Wyoming
3694 45 Arkansas
3695 50 North & West Texas|
3698 69 Texas
3699 71 Midcontinent
3701 74 Texas
3705 87 Oklahoma
3706 89 Arkansas
3712 101 Montana
3714 105 Wyoming
3715 108 Wyoming
3717 111 Wyoming
Group IV
Low Hardening Rate, Moderate 3687 18 - -
to Very High Rate of Change in 3689 30 Mississippl
Shear Index. High Initial Shear 3690 33 Mississippi
Index Values. Rapid Drop from 3691 35 Mississippi
Initial Low Micro-ductility 3696 56 Kansas
Readings to Very Low Results 3697 66 Kansas
After Weathering. ' 3700 72 Oklahoma
3702 76 Oklahoma
3703 81 Texas, Kansas
3716 109 Colorade
3718 115 Texas, Kansas

www.fastio.com
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TABLE D (continued)

Physical Properties of Bureau 85-100
Test Series

Physical Properties Asphalt
Sacto. Bureau Crude
No. No. Source
Group V
Low to Moderate Hardening 3704 84 Gulf Coast
Rate. Very Low Rate of 3707 91 California
Change in Shedr Index. High 3709 93 California

Initial Micro-ductility with
Slow Rate of Change During
Weathering.
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TABLE E

Physical Properties of Bureau 85-100 Test
Series After Weathering for 1000 hours in
the Infrared- Weathering Unit

Group | Sacto | Bureau Asphalt Properties After Total Change in
No No. 1000 Hrs. Weathering Properties,Orig-
Abra.| Visc. Shear | Micro 1000 hrs.
Loss | 0.05 Index | Duct | Abra.] Visc. | Shear
Sec-1 loss 1 0.05 Index
Sec=-!

I 3680 2 94 190 0.27 0 86 |189 0.27
3711 100 81 218 0.44 0 73 1217 0.32
3713 103 86 290 0.44 0 79 289 0.29
3719 119 130 160 0.31 0 119 (159 0.14
II 3682 4 58 78 0.37 12 50 |77 0.23
3685 13 57 76 0.37 2 506 |75 0.28
3708 92 69 120 0.33 |1 57 119 0.33
3710 96 68 78 0.18 |1 54 |77 0.15
3681 3 36 54 0.44 |1 32 |53 0.36
III 3683 6 21 24 0.22 |8 16 |23 0.16
1 3684 10 19 24 0.27 |6 16 |23 0.18
3686 17 29 30 0.30 |4 25 |29 0.24
3688 I9 26 28 0.3 |3 20 (27 0.30
3692 38 18 23 0.39 |3 15 |22 0.36
3693 40 37 31 0.27 |4& 28 |30 0.16
3694 45 15 19 0.26 |7 11 (18 0.23
3695 50 36 36 0.28 |5 30 135 0.24
3698 69 héy 31 0.28 |4 31 |30 0.24
3699 71 31 20 0.17 |8 21 |19 0.15
3701 74 12 15 0.28 |6 10 (14 0.19
3705 87 16 19 0.31 {5 12 (18 0.23
3706 89 13 18 0.24 |7 10 |17 0.24
3712 101 30 25 0.35 |3 22 |24 0,31
3714 105 bé 36 0.36 |3 37 |35 0.26
3715 108 52 40 0.27 |4 43 |39 0.21
3717 111 24 21 0.34 |6 19 120 0.32
v 3687 18 11 16 0.43 |1 9 14 0.32
3689 30 11 23 0.46 |1 9 22 0.31
3690 33 22 22 0.44 |3 18 |21 0.32
3691 35 11 24 0.45 |3 9 23 0.30
3696 56 11 20 0.62 |3 9 17 0.51
3697 €6 13 19 0.40 |4 11 (17 0.28
3700 72 8 16 0.50 |2 6 14 0.43
3702 76 12 24 0.51 |2 11 (22 0.33
370% 81 19 | 24 0.49 12 9 23 0.29
3716 109 15 17 0.46 |2 13 115 0.44
3718 115 14 28 0.46 |2 11 |27 0.28

v 3704 84 14 8 0.03 |40 10 7 -
3707 91 40 24 0.02 ;28 31 |23 0.02

3709 93 35 23 0.00 |36 26 122 -

ChihPDF - wyiw fastio.com



http://www.fastio.com/

ClibhPDF -

wavw fa

TABLE F

May 1965

COMPARISON OF PRESENT TENTATIVE SPECIFICATION FOR

85-100 GRADE PAVING ASPHALT AND PROPOSED
MODIFIED REQUIREMENTS

TEST

PRESENT

- PROPOSED
TENTATIVE  MODIFIED

SPECIFICATION SPECIFICATION

FLASH POINT, P.M.C.T. °F MIN.
PENETRATION OF ORIGINAL SAMPLE

AT 77°F

STAIN NUMBER OF ORIGINAI. SAMPLE
MAX. AFTER 120 HRS.-140°F-50#/8Q,IN.

VISCOSITY, C.S. ON ORIGINAL SAMPLE
140°F. "MINIMUM X 10

225°F, MINIMUM
325°F, MAXIMUM

COHESIOGRAPH READING-ORIG.MIW. IN.
GAIN 0-24 HRS, MIN. IN, :

ROLLING THIN FILM TEST 325° Fa, 75 MIN,
PEN. RESIDUE, 77°F., MIN.

DUCT. RESIDUE 77°F., MIN,

VISCOSITY
140°F., POISES

275°F., CENTISTOKES
DURABILITY TEST

VISCOSITY OF RESIDUE AFTER
DURABILITY TEST, MEGAPOISES
AT 77°F.

SHEAR RATE 0.05 SEC. “1fmu{
SHEAR RATE 0.001 SEC. -l MAX

MICRO DUCTILITY OF RESIDUE
1/2 ¢ M/ MIN. MINIMUM, MM

SOLUBILITY, CCLs4, ORIG. SAMPLE, % MIN.

ROLLING THIN FILM TEST, 375°F.-75 MIN
PEN. RESIDUE 77°F., MIN
DUCT, RESIDUE, 77°F., MIN

STIo.com

475

85-100

‘10

2.2

1800
200

0.80
0.08

55
75

20
60

10
99

45
60

475

I

10

NEEN

3

4,000-6,000
425-800

25
60

10
99
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CHANGE IN KINEMATIC VISCOSITY DURING CALIFORNIA
ROLLING THIN FILM TESTS
AC Series-Grade ACZ20
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COMPARISON OF CALIFORNIA ROLLING THIN FILM TEST AND

ChhPD

AASHO THIN FILM OVEN TEST RESIDUE PENETRATIONS

Key

‘eBureau Series 85-100 Grade
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Note: HL=High Loss in Standord Thin Film Test
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FIGURE 2

ROLLING THIN FILM RESIDUE PENETRATION AT 77°F
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COMPARISON OF CALIFORNIA ROLLING THIN FILM TEST AND
AASHO THIN FILM OVEN TEST RESIDUE PENETRATIONS

- Key
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ROLLING THIN FiLM RESIDUE PENETRATION AT T7°F

FIGURE 3
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" " COMPARISON OF CALIFORNIA ROLLING THIN FILM TEST AND
AASHO THIN FILM OVEN TEST RESIDUE VISCOSITIES AT 140°F
' 4 AC Test Series
Key
® Grade AC 5
+ Grade AC 10
A Grade AC 20
B Grade AC 40
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COMPARISON OF CALIFORNIA ROLLING THIN FILM AND

AASHO THIN FILM OVEN TEST RESIDUE VISCOSITIES AT 275°F
AC Test Series
Key
. ® Grade ACS
+ Grade AC IO
A Grade AC 20

m Grade AC40
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FIGURE 5

ClihPDF - www .fastio.com


http://www.fastio.com/

ChhPDF -

TYPICAL CHANGES IN PHYSICAL PROPERTIES OF
GROUP I ASPHALTS DURING WEATHERING
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Sample R 3680 —Bureau # 2
Venezuela Crude
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TYPICAL CHANGES IN PHYSICAL PROPERTIES

OF GROUP ITI ASPHALTS DURING WEATHERING
. SAMPLE R3682-BUREAU #4
VENEZUELA CRUDE
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TYPICAL CHANGES IN PHYSICAL PROPERTIES

OF GROUP I ASPHALTS DURING WEATHERING

SAMPLE R3864-BUREAU #10
COASTAL CRUDE
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TYPICAL CHANGES IN PHYSICAL PROPERTIES
OF GROUP I ASPHALTS DURING WEATHERING
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TYPICAL CHANGES IN PHYSICAL PROPERTIES

OF GROUP X ASPHALTS DURING WEATHERING
SAMPLE R3707-BUREAU #9]|
CALIFORNIA CRUDE
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CHANGE IN SHEAR INDEX DURING WEATHERING
GROUP T ASPHALTS COMPARED WITH DOYLE SERIES
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MICRO-DUCTILITY-SHEAR INDEX RELATION ON
DURABILITY TEST RESIDUE

Key
Bureau Series # 2
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70 . A Bureau Series #1-~85-100 Grade
60
S 50
g °
[ w
<3
20
? o 40 \1' ry
> +
Ll
-
- o ot A
O < . :
o> 30 Y
[ N
I O
o
53 “.
= "\a
20 \
| |
[ ) .0
10 &
0o | 2 3 4 5

SHEAR INDEX ON DURABILITY RESIDUE

NOTE - HV =Viscosity of Residue very high.
FIGURE 12
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COMPARISON OF ORIGINAL STAIN NUMBER
WITH SHEAR INDEX AFTER WEATHERING
Bureau Series #1, 85-100 Grade

20

ORIGINAL SAMPLE STAIN NO.
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FIGURE 13
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